Introduction {#Sec1}
============

Coronary artery disease (CAD) is a major cause of death in developed countries. Although CAD mortality rates have declined globally over the past four decades, it remains responsible for approximately one-third of all deaths of individuals aged over 35 years old^[@CR1],[@CR2]^. According to estimates, nearly one-half of men and one-third of women over 40 years old will develop some symptoms of CAD in the United States^[@CR3]^. In Taiwan, coronary heart disease has been the second leading cause of death for both men and women in the past 10 years, and the mortality rate of CAD increased 8.1% in 2016 (88.5/100,000) compared to 2015 (81.8/100,000)^[@CR4]^.

Many CAD patients are asymptomatic, and early detection and treatment of CAD can reduce the incidence of acute myocardial infarction^[@CR5],[@CR6]^. Identifying the coronary arterial plaque pattern can provide more effective treatment methods. Non-calcified plaque has been shown to have a higher tendency to regress in response to established medical therapies^[@CR7]^. Recent developments in medical technologies, such as dual-source computed tomography (DSCT), have facilitated scanning the heart and coronary arteries noninvasively with high image quality and low radiation dose^[@CR8]--[@CR10]^. Multiple studies have shown that coronary artery stenoses can be identified with high sensitivity, specificity, positive predictive value, and negative predictive value via coronary computed tomography angiography (CCTA), given a sufficiently high image quality^[@CR9],[@CR11]^.

Studies have also shown that the coronary artery calcium score (CACS) is useful for refined risk stratification, particularly with high-risk patients and those with diabetes mellitus (DM)^[@CR12],[@CR13]^. Asymptomatic patients at high-risk will likely benefit from increased medical surveillance^[@CR5]^. However, asymptomatic risk-free patients should not be screened^[@CR14]^. The aim of this study is to determine the proper use of contributing risk factors and CACS in screening patients with coronary arterial stenoses using CCTA.

Results {#Sec2}
=======

In total, 509 asymptomatic patients were recruited for this study. The mean (±SD) ages were 57.79 (±10.60) years for the 344 males and 58.84 (±10.00) years for the 165 females studied. Males over 45 years old were at higher risk of significant stenosis than those under 45 (OR: 3.541, p = 0.041). There was also a higher risk among men with hypertension (OR: 2.862, p \< 0.001) and DM (OR: 3.803, p \< 0.001) (Table [1](#Tab1){ref-type="table"}), which was also the case for females (age \> 55 years old, OR: 142.5, p = 0.01; hypertension: OR: 5.479, p = 0.031; DM: OR: 5.357, p \< 0.01; Table [2](#Tab2){ref-type="table"}). Patients with at least three risk factors had a higher prevalence of significant coronary stenosis (OR: 6.078, p \< 0.001; Table [3](#Tab3){ref-type="table"}). The seven patients who had significant coronary stenosis with fewer than three risk factors had non-zero CACS. There were 91 out of 149 patients with zero CACSs and fewer than three risk factors who had no stenosis or stenosis less than 50% (Table [3](#Tab3){ref-type="table"}).Table 1Difference in the prevalence of significant coronary stenosis detected by coronary computed tomography angiography with risk factors of coronary artery stenosis compared to those without them in male patients.Risk factorTotal number of patients (%)Number of patients with significant coronary stenosis*p*-valueOR (95% CI)**Age**M \> 45308 (89.5)750.041\*3.541 (1.056--11.876)M ≦ 4536 (10.5)3**BMI**≧27105 (30.5)210.4330.798 (0.455--1.402)\<27239 (69.5)57**Hypertension**Yes215 (62.5)62\<0.001\*\*\*2.862 (1.569--5.220)No129 (37.5)16**Dyslipidemia**Yes185 (53.8)430.7861.073 (0.646--1.781)No159 (46.2)35**Diabetes**Yes76 (22.1)33\<0.001\*\*\*3.803 (2.183--6.627)No268 (77.9)45**Smoke**Yes86 (25.0)180.6560.874 (0.482--1.583)No258 (75.0)60**Lack of exercise**Yes180 (52.3)450.2811.323 (0.795--2.202)No164 (47.7)33**AMI** ^**+**^ **family history**Yes73 (21.2)110.0840.540 (0.269--1.086)No271 (78.8)67\*P \< 0.05, \*\*P \< 0.01,\*\*\*P \< 0.001.^+^Acute myocardial infarction. Table 2Difference in the prevalence of significant coronary stenosis detected by coronary computed tomography angiography with risk factors of coronary artery stenosis compared to those without them in female patients.Risk factorTotal number of patients (%)Number of patients with significant coronary stenosis*p*-valueOR (95% CI)**Age**\>55108 (65.5)120.01142.5 (0.0217--935579.559)≦5557 (34.5)0**BMI**≧2731 (18.8)20.8450.855 (0.178--4.115)\<27134 (81.2)10**Hypertension**Yes83 (50.3)100.031\*5.479 (1.162--25.841)No82 (49.7)2**Dyslipidemia**Yes95 (57.6)90.2162.337 (0.609--8.972)No70 (42.4)3**Diabetes**Yes23 (13.9)5\<0.01\*\*5.357 (1.537--18.672)No142 (86.1)7**Smoke**Yes4 (2.4)10.2064.545 (0.436--47.401)No161 (97.6)11**Lack of exercise**Yes93 (56.4)70.8861.091 (0.331--3.590)No72 (43.6)5**AMI family history**Yes29 (17.6)20.9320.933 (0.193--4.504)No136 (82.4)10\*P \< 0.05, \*\*P \< 0.01,\*\*\*P \< 0.001. Table 3Prevalence of significant coronary stenosis detected by coronary computed tomography angiography with the number of risk factors including age (males \> 45 yrs, females \> 55 yrs), obesity (BMI \> 27), hypertension, dyslipidemia, diabetes, smoking, lack of exercise, AMI family history.Risk factor numberTotal number of patients (%)Number of patients with significant coronary stenosis*p*-valueOR (95% CI)\<3149 (29.3)7≧3360 (70.7)83 \< 0.001\*\*\*6.078 (2.738--13.494)\*P \< 0.05, \*\*P \< 0.01,\*\*\*P \< 0.001.

According to the multivariate analysis for risk factors of CAD, sex (OR: 3.089, p \< 0.01), age (OR: 5.025, p = 0.01), hypertension (OR: 2.972, p \< 0.001), and DM (OR: 3.901, p \< 0.001) remained major predictors of significant coronary stenosis in at least one segment of the coronary arteries in CCTA (Table [4](#Tab4){ref-type="table"}). In the CCTA, 227 patients were found to have a CACS of zero (44.6%; Table [5](#Tab5){ref-type="table"}). One male (0.44%) out of the 227 had significant coronary stenosis in at least one segment of his coronary arteries (Fig. [1](#Fig1){ref-type="fig"}). This patient had three risk factors (hypertension, hyperlipidemia, and age \> 45 years). No notable difference was observed in significant coronary stenosis among the patients with a CACS of 0--10 (OR: 3.139, p = 0.421). However, CACSs of 10--100 (OR: 43.566, p \< 0.001), 100--400 (OR: 284.323, p \< 0.001), and \> 400 (OR: 1065.429, p \< 0.001) showed noteworthy correlations with significant coronary stenosis (Table [5](#Tab5){ref-type="table"}).Table 4Multivariate analysis of significant coronary artery stenosis detected by coronary computed tomography angiography with risk factors.*p*-valueOR (95% CI)Sex\<0.01\*\*3.089 (1.526--6.251)Age0.0099\*5.025 (1.471--17.164)BMI ≧ 270.0570.564 (0.313--1.016)Hypertension0.001\*\*\*2.972 (1.650--5.352)Dyslipidemia0.7680.925 (0.550--1.554)DM0.001\*\*\*3.901 (2.247--6.771)Smoking0.9470.979 (0.522--1.837)Lack of exercise0.1201.501 (0.899--2.507)AMI family history0.0760.539 (0.273--1.067)Age: Men \> 45 yrs; women \> 55 yrs.\*p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001. Table 5Distribution of different coronary artery calcium score groups in relation to the presence of nonobstructive or obstructive coronary artery disease.Calcium scoreTotal number of patients (%)Number of patients with significant coronary stenosis*p*-valueOR (95% CI)Zero (score = 0)227 (44.6)1Minimal (0 \< score ≦ 10)73 (14.3)10.4213.139 (0.194--50.822)Mild (10 \< score ≦ 100)99 (19.4)16\<0.001\*\*\*43.566 (5.688--333.675)Moderate (100 \< score ≦ 400)70 (13.8)39\<0.001\*\*\*284.323 (37.713--2143.567)Excessive (score \> 400)40 (7.9)33\<0.001\*\*\*1065.429 (127.008--8937.565)\*p \< 0.05, \*\*p \< 0.01, \*\*\*p \< 0.001. Figure 1Flow chart of the study population. Abbreviations: CACS: coronary arterial calcium score; CCTA: coronary CT angiography; PTCA: percutaneous transluminal coronary angioplasty; CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention.

Significant coronary stenosis was found in 90 out of 282 (31.91%) participants with non-zero CACSs (Fig. [1](#Fig1){ref-type="fig"}). We referred these 90 patients to cardiologists, and 17 of them underwent percutaneous coronary intervention (PCI) and 13 patients (14.4%) received stent treatments. The mean (±SD) radiation dose for calcium scans for all patients was 0.50 (±0.18) mSv, and for CCTA was 2.66 (±1.61) mSv (BMI \< 24, n = 216) and 4.92 ± 3.78 mSv (BMI \> 27, n = 130). Finally, the mean score for image quality was 2.99 (±0.65).

Discussion {#Sec3}
==========

In our study, DM and hypertension increased the risk of coronary stenosis in both male and female patients with CAD detected via CCTA. This shows that individuals with DM have a higher prevalence of CAD and are more likely to suffer a myocardial infarction and/or silent myocardial ischemia^[@CR15]^. In the Framingham Heart Study, DM doubled and tripled the age-adjusted risk for cardiovascular disease in males and females respectively^[@CR16]^. The Emerging Risk Factors Collaboration Group performed a meta-analysis of 102 studies that included 530,083 patients with no history of myocardial infarction, angina, or stroke. After adjusting for other risk factors, patients with DM had twice the overall risk of CAD, as well as a higher risk of cardiac death and non-fatal myocardial infarction^[@CR17]^. In patients with type 2 DM, the risk of diabetic complications was strongly correlated with high blood pressure.

In our own multivariable analysis, risk factors that confer increased risk of CAD include being male and having older age, hypertension, and diabetes. In a Korean study, age and sex were the strongest overall predictors of atherosclerosis as assessed by CCTA in an asymptomatic population of 1,015 subjects. However, these two risk factors were not particularly associated with a specific sub-type of coronary plaque^[@CR18]^. According to the diagnosis, hypertension was present in many patients with type 2 DM^[@CR19]^. The lifetime risk of developing CAD is significantly higher among patients with hypertension. In a cohort of over 1.25 million patients aged 30 years or older without baseline CAD (including 20% with treated hypertension at baseline), patients with baseline hypertension had a 63.3% lifetime risk of developing CAD compared to 46.1% for those with non-elevated baseline blood pressure^[@CR20]^.

Atherosclerosis begins with the development of fatty streaks (focal thickening of the intima with accumulation of lipid-laden macrophages and extracellular matrix)^[@CR21]^. These streaks become fibrous plaques via the accumulation of connective tissue and an increased number of smooth muscle cells filled with lipids. More advanced lesions contain a necrotic lipid-rich core and eventually calcified regions^[@CR22]^. Because the advanced lesions of atherosclerosis occur with increasing frequency in older populations^[@CR22]^, the appearance of a calcified plaque indicates the possible presence of soft and vulnerable plaques, which can only be observed using CCTA.

We propose that CACS could be measured at a low radiation dose, which would cause less harm to low-risk patients. CCTA may not be required if the CACS is zero. According to guidelines from the European Society of Cardiology and the American College of Cardiology/American Heart Association (ACC/AHA), CACS is considered an acceptable option (Class IIa) for primary screening of asymptomatic patients with Framingham intermediate risk (10--20% 10-year risk)^[@CR23],[@CR24]^. The guidelines also note that the measurement of arterial calcium is reasonable for patients at low to intermediate risk (6--10% 10-year risk). Arterial calcium measurement is not recommended for patients at low (\<6% 10-year risk) or high risk.

In our study, only one patient had three risk factors with a CACS of zero; however, he had significant coronary stenosis in at least one segment of his coronary arteries. This patient was referred to the cardiology outpatient department for a thallium scan, which showed only mild stress-induced ischemia that was reversible with rest. Overall, CACS is highly predictive of the absence of significant coronary artery stenosis. Although a CACS of 0--10 wasn't found to significantly correlate with coronary stenosis, this requires further study, as our patient population in this range was not sufficiently large.

A series of studies revealed that patients with CACSs of zero had \<1% probability of significant coronary stenosis \[reviewed in^[@CR25]^\]. Many researchers have found that asymptomatic patients with at least one risk factor for CAD and a CACS of zero have a good prognosis^[@CR14],[@CR26],[@CR27]^. According to Dedic *et al*.^[@CR14]^, the annual incidence of adverse events (all-cause mortality, nonfatal myocardial infarction, and unstable angina) in patients with CACSs of zero (0.4% \[CI 0.1% to 1.3%\]) was significantly lower compared to patients with CACSs over 400 (6.8% \[CI 4.8% to 9.4%\]). Thus, such patients may not require further imaging with CCTA. However, Plank *et al*. revealed that a CACS of zero could not exclude CAD, so patients should undergo CCTA if they have diabetes or low lifetime risk, with borderline or non-specific mild pathology in the ECG-treadmill stress test^[@CR28]^.

However, a CACS of zero does not carry the same highly negative predictive value in symptomatic patients. In the CONFIRM registry, which involved 10,037 patients who underwent both CACS and CCTA, 13% of patients with a CACS of zero had non-obstructive stenosis and 3.5% had significant stenosis^[@CR29]^. Therefore, in symptomatic patients with a CACS of zero, obstructive CAD is possible and associated with increased cardiovascular events. Taken together, CACS does not add additional prognostic information to CCTA in symptomatic patients. In our study, six of 152 (3.9%) symptomatic patients with a CACS of zero had significant stenosis in at least one coronary artery (Fig. [1](#Fig1){ref-type="fig"}).

Furthermore, 90 out of 282 (31.9%) non-zero CACS patients had significant coronary stenosis, but only 17 of that 90 (18.9%) underwent PCI. Because most participants had moderate stenosis (50--69% stenosis), pharmaceutical intervention was preferred over performing PCI. CCTA is required for noncalcified plaque evaluation in patients with a positive finding from calcium scanning. Arterial calcium scanning may not identify unstable plaques that are prone to rupture directly, but areas of arterial calcium tend to colocalize with vulnerable and/or unstable plaques, and patients with high CACS are likely to have a large burden of noncalcified plaques^[@CR30]^. Thus, patients with high CACS have a higher likelihood of plaques that are prone to rupture and should undergo CCTA.

In a study of 422 individuals, the rate of conversion to a positive CACS from zero was 25% over a mean period of 4.1 ± 0.9 years, and was associated with age, DM, and cigarette smoking^[@CR31]^. The rate was nonlinear, and the highest rate of conversion occurred in the fifth year. No clinical factor appeared to mandate earlier repeat CACS before four years.

Examinations performed to determine CACS generally involve a lower radiation dose than required for CCTA. In our study, the mean radiation dose for CACS was 0.50 mSv. A low dose of CACS is harmless and suitable for screening. Although the presence and extent of arterial calcium is predictive of coronary artery stenosis in general, it is a better indicator of the extent of coronary atherosclerosis than of stenosis severity.

The predictive value is markedly lower than generally reported for CCTA in the detection of significant coronary artery stenosis in patients with low to intermediate CAD risk who are clinically referred for non-invasive evaluation of chest pain^[@CR32]^. According to Arbab-Zadeh *et al*., CCTA is less effective in patients with a CACS ≥ 600 and in patients with a high pre-test probability for obstructive CAD^[@CR33]^.

A few limitations were inherent to this study. First, we did not follow up every participant without significant coronary stenosis, and the incidences of adverse events are not fully known. Second, our study population was not large enough to determine whether patients with a CACS of zero and three risk factors should undergo CCTA for noncalcified plaque evaluation. Third, our study did not consider smoking status (non-smokers, current smokers, former smokers)^[@CR34]^, and therefore the relationship between smoking and CAD risk could not be evaluated.

In conclusion, CACS and CCTA represent reliable, non-invasive tools for the identification of coronary artery stenosis in asymptomatic patients. Being male, aged, and having hypertension and/or diabetes are the four most impactful risk factors for the development of significant coronary artery stenosis. Furthermore, asymptomatic patients with CACSs of zero and fewer than three risk factors may not require CCTA, thereby avoiding unnecessary radiation exposure.

Methods {#Sec4}
=======

Study population {#Sec5}
----------------

This study was reviewed and approved by the Joint Institutional Review Board of Taipei Medical University (TMU-JIRB-N201706022). The informed consent requirement was waived due to the study's retrospective nature. All methods were performed in accordance with relevant guidelines and regulations.

The imaging protocol and clinical data were collected in a structured case log, with one clinical nurse assigned to every patient. We retrospectively reviewed patients who underwent CACS and CCTA at our institution between December 2013 and November 2016. Criteria for inclusion were being asymptomatic and having at least one cardiovascular risk factor such as hypertension, dyslipidemia, DM, smoking, lack of exercise, and family history of myocardial infarction in first-degree relatives. Exclusion criteria included having incomplete charts, being symptomatic, having a history of coronary heart disease (myocardial infarction or angina), and having had a coronary artery bypass graft or percutaneous transluminal coronary angioplasty. After applying the criteria, 509 patients were included (Fig. [1](#Fig1){ref-type="fig"}).

Cardiovascular risk factors {#Sec6}
---------------------------

Participants' data were collected via questionnaires and laboratory tests. Subjects were considered hypertensive if they were prescribed anti-hypertension medicine, had been clinically diagnosed with hypertension, or had either a systolic blood pressure (SBP) ≥ 140 mmHg or a diastolic blood pressure (DBP) ≥ 90 mmHg. Patients who met one of the following requirements were identified as having DM: taking an oral hyperglycemic agent, using insulin, having a clinical diagnosis of DM, or having a serum fasting glucose level \> 126 mg/dL (7.0 mmol/l) or \>200 mg/dl (11.1 mmol/l) two hours after an oral glucose tolerance test. They were identified as having dyslipidemia if they met one of the following requirements: diagnosis of hypercholesterolemia, medication history for hypercholesterolemia, total cholesterol \>200 mg/dL (5.172 mmol/l), or low-density lipoprotein \>130 mg/dL (3.367 mmol/l). Approximately 98% of patients had two measurements recorded for blood pressure, blood glucose, and lipid profile.

Body mass index (BMI) was calculated by dividing participants' body weight (in kilograms) by their height (in meters) squared. In Taiwan, obesity is defined as BMI ≥ 27 kg/m^2^. Subjects were identified as current smokers if they had smoked within the year leading up to the survey date and as former smokers if they had quit at least one year before the survey date. Subjects who did not exercise regularly at least three times a week were categorized as lacking exercise.

Scan protocol and image reconstruction {#Sec7}
--------------------------------------

Patients with a heart rate over 70 bpm received 20--60 mg of propranolol orally based on body mass every 30 minutes until the rate dropped below that level. All patients prescribed propranolol were first cleared by a clinician for contraindications. Nitroglycerin was not administered to any of the participants.

Patients' heart rates and electrocardiograms (ECG) were monitored during the scan. An ECG-triggered CACS was performed first. All CACSs were calculated using the Agaston score, with patients being classified into five groups: "zero" (CACS = 0), "minimal" (0 \< CACS ≤ 10), "mild" (10 \< CACS ≤ 100), "moderate" (100 \< CACS ≤ 400), and "excessive" (CACS \> 400)^[@CR35],[@CR36]^. All CT scans were performed using a second-generation dual-energy CT system (SOMATOM Definition Flash, Siemens Healthcare, Forchheim, Germany) with automated features for tube current and voltage selection (Siemens Care Dose 4D and Siemens CARE kV; detector collimation 128 × 0.6 mm; kVp 100 or 120; gantry rotation time 0.28 sec; slice thickness 0.7 mm).

The dosage of contrast medium was tailored to ensure aortic enhancement using the test-bolus technique provided by the manufacturers. The test boluses were conducted with 15 ml of contrast media, followed by 20 ml of saline. The following scanning parameters were employed: an 80 ml bolus of contrast medium (Ultravist 370 mg/ml, Berlex) was injected with an 18 gauge intravenous catheter placed in the antecubital vein using a dual-head power injector (Mallinckrodt, Santa Monica, CA, USA). The default injection rate was 5 ml/sec, which was reduced to 4 ml/sec if the patient could not tolerate the initial rate. The volumetric quantity of administered contrast medium was determined using the following equation:$$\documentclass[12pt]{minimal}
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Patients were instructed to breathe quietly before the administration of the contrast and to hold their breath during the actual scanning. To estimate the effective dose of cardiac scans, the CT dose index volume (CTDIvol) was multiplied by the scan length and a standard thoracic conversion coefficient of 0.014 mSv (mGy cm)^−1^. Three-dimensional images were reconstructed and viewed on a dedicated workstation (3D Workplace, Siemens, Erlangen, Germany) using cardiac post-processing software (SyngoVia CT Coronary, Siemens, Erlangen, Germany). To ensure optimal assessment of each coronary artery, the reconstructed images were selected from variable phases of the cardiac cycle by one of five radiologists.

Image evaluation {#Sec8}
----------------

Coronary stenosis data were gathered from the case log record. All CCTA images were interpreted by five radiologists who specialized in this area. Next, a previously described 17-segment American Heart Association model of the coronary tree was implemented^[@CR37]^. In human and animal studies, a stenosis that reduces the lumen diameter by 50% can result in a three- to four-fold reduction in coronary bed flow reserve^[@CR38],[@CR39]^. An obstructed coronary vessel was defined as a ≥50% reduction in the diameter of the lumen^[@CR40]^. The image quality for each patient was assessed on a 4-point scale (4: excellent; 3: good; 2: average; 1: poor)^[@CR41]^. For each participant, the lowest score found in any coronary segment was recorded.

Statistical analysis {#Sec9}
--------------------

SPSS version 18 (SPSS Inc.; Chicago, IL, USA) was used for statistical analysis. The means and standard deviations were used to depict continuous variable distributions, while frequency counts were used to summarize categorical variable distributions. The binary logistic regression was used to estimate the probability of a binary response based on one or more independent variables. Multiple logistics regression analysis was used to reveal associations between sex, age, BMI ≧ 27 hypertension, dyslipidemia, DM, smoking, lack of exercise, AMI family history, and coronary artery stenosis status. A p-value \< 0.05 was considered statistically significant.
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